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ABSTRACT-Aquatic invertebrates were sampled annually in the Niobrara River, Nebraska, during the period 1996-2009 
using Hester-Dendy multiplate samplers. Collections indicated the invertebrate community in the river has shifted from one 
dominated by Ephemeroptera, Plecoptera, and Trichoptera (EPT) taxa to one dominated by Chironomidae and Amphipoda. 
Generally, EPT richness and percentage abundance ofEPT of the total community, as well as percentage abundance ofHep-
tageniidae and Leptophlebiidae, has declined across the years. During that same period, percentage abundance of Amphi-
poda and Chironomidae, taxa evenness, Shannon's Index, and the HilsenhoffBiotic Index have increased. Stream discharge 
decreased significantly during the IS-year period when invertebrates were collected (Mann-Kendall trend test, P = 0.04). 
Water-surface elevation of the river measured with staff gages also gradually increased over time, although the trends were 
not significant (P ;::: 0.15). Although not analyzed statistically, water temperature eG), conductivity (IlS/cm), and pH gradu-
ally increased over time while dissolved oxygen concentration (mg/liter) decreased over time. Although other factors cannot 
be ruled out, a proposed reason for the observed changes in invertebrate community structure may be related to changes in 
the physical habitat condition in the Niobrara River associated with encroachment of the nonnative and invasive emergent 
aquatic plant, yellow flag (Iris pseudacorus L.). This weed has expanded into the stream channel, where it blocks streamflow. 
Key Words: aquatic invertebrates, Niobrara River, Nebraska, Iris pseudacorus 
INTRODUCTION 
Agate Fossil Beds National Monument (AGFO) is lo-
cated within the shortgrass and sandhills prairie along 
the Niobrara River Basin in northwestern Nebraska, and 
it is part of the Western High Plains ecoregion (Omernik 
1987). Approximately 6.4 km of the Niobrara River flows 
through AGFO. The Niobrara River originates 105 km 
northwest of AGFO near Lusk, WY, and flows 725 km 
eastward to its confluence with the Missouri River. Agate 
Springs, located near the western boundary of the AGFO, 
provides substantial inflows to the river in this reach. The 
Niobrara River flowing through AGFO is listed on the 
National Rivers Inventory, which requires the National 
Park Service to study its eligibility for possible inclusion 
in the Wild and Scenic Rivers System. Therefore, water 
quality, channel condition, and biotic integrity of the 
Niobrara at AGFO are of chief importance to its natural 
resources managers. 
Benthic aquatic invertebrates are an important bio-
Manuscript received for review, July 2012; accepted for publication, 
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logical tool for understanding and detecting changes in 
stream ecosystem integrity. They can be used success-
fully to reflect cumulative anthropogenic impacts that 
cannot otherwise be detected through traditional water 
quality monitoring such as water chemistry analysis 
(Bass 1994; Harris et al. 1999; Whiles et al. 2000; Fries 
and Bowles 2002; Hall et al. 2003). Furthermore, because 
changes in diversity and community structure of benthic 
invertebrates reflect the overall integrity of a stream, they 
are relatively simple to communicate to resource man-
agers, administrators, and the general public. For these 
reasons, the U.S. National Park Service (NPS) began 
monitoring aquatic invertebrates in the Niobrara at AGFO 
in 1988 to assess stream integrity (Boyle et al. 1990). 
Although the initial sampling was done in 1988, Peter-
son (1996) considered 1989 as the "baseline" year because 
it was the first year with reasonably thorough sampling 
(peterson et al. 1999). Harris et al. (1999) summarized the 
preliminary data collected in 1989 in a broader analysis 
of prairie streams. No monitoring was conducted from 
1990 to 1995, but monitoring has been conducted annu-
2 Great Plains Research Vol. 23 No.1, 2013 
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Figure 1. Aquatic invertebrate and water quality monitoring sites on the Niobrara River, 
Agate Fossil Beds National Monument, Nebraska. 
ally since 1996. Peitz and Cribbs (2005) further analyzed 
and summarized aquatic invertebrate sampling data at 
AGFO from 1989 through 2004. This report examined 
the condition and trend of the aquatic invertebrate com-
munity in the Niobrara River at AGFO from 1996 to 2009 
to determine if any impairment to the resource occurred 
during this time period. 
METHODS 
The Niobrara River at AGFO (42°25'9"N, 104°2'41"W) 
is a low-gradient stream about 3 m wide and less than 
1 m deep, and it contains copious amounts of in-stream 
aquatic vegetation and has predominantly sand and silt 
substrates. Invertebrate sampling was done from 1996 to 
2009 at three locations on the Niobrara River at AGFO, 
each separated by a distance of approximately 3 Ian (Fig. 
1). Invertebrate sampling methods and procedures fol-
lowed Peterson (1996). At each site, five Hester-Dendy 
multiplate samplers (0.09 m2 surface area) were deployed 
for approximately 30 days, with samplers being clumped 
as a group (Bowles et al. 2008). Hester-Dendy samplers 
were selected for use over other sampling methods be-
cause of the soft substrate in the Niobrara River. Samplers 
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were deployed monthly during a summer index period 
of July, August, and September 1996-2007, but only in 
July during 2008 and August during 2009. In some years, 
not all deployed samplers were retrieved due to flooding 
and other disturbances. Invertebrates were identified to 
the lowest practical taxonomic level (usually genus) and 
counted. Examples of all taxa identified in this study are 
deposited in the NPS Heartland Inventory and Monitor-
ing Network reference collection. 
Invertebrate metrics calculated from the data included 
taxa richness; taxa diversity (Shannon's Index); taxa 
evenness; Ephemeroptera, Plecoptera, and Trichoptera 
(EPT) richness; and the Hilsenhoff Biotic Index (HBI) 
(Barbour et aL 1999; Bowles et aL 2008). Additional 
taxa-based metrics, including percentage abundance of 
Chironomidae (Diptera), EPT, Heptageniidae (primarily 
Heptagenia diabasa), Leptophlebiidae (Ephemeroptera), 
Cheumatopsyche (Trichoptera), and Amphipoda (Crus-
tacea), were included to assess their respective contribu-
tions to overall taxa richness. Percentage abundance of 
EPT, Heptageniidae, and Leptophlebiidae of the total 
community were used because members of these groups 
generally are intolerant of anthropogenic stressors. Con-
versely, percentage abundance of Chironomidae, Cheu-
matopsyche, and Amphipoda were included because 
these taxa are generally tolerant of certain stressors, and 
indicative of disturbance. Because chironomids (Diptera: 
Chironomidae) were not identified to genus in all years, 
they were analyzed at the family leveL Tolerance values 
used for taxa are from Barbour et aL (1999). 
Invertebrate data were averaged across the index pe-
riod for each site because a preliminary analysis of the 
taxa and invertebrate community metrics from the July, 
August, and September sampling dates showed broad over-
lap among values, suggesting there was little biological 
difference among these metrics during the index period. 
Data were tested for normality using the Shapiro-Wilk 
test (SPSS statistical software, version 16.0), and data that 
were not normally distributed (taxa richness and percent-
age Chironomidae) were log transformed prior to further 
analysis. Because the purpose ofthis study was evaluation 
of temporal trend and not comparisons among sites, trend 
analysis of invertebrate metrics data across years (1996-
2009) for each site was conducted using the nonparametric 
Mann-Kendall trend test (a = 0.05) (Time Trends software, 
version 3.0, NIWA 2010). The nonparametric Mann-Kend-
all test is directly analogous to linear regression, but it does 
not assume any particular distributional form, and it tests 
for whether Y values tend to increase or decrease with time 
(Esterby 1993; Helsel and Hirsch 2002; Stark and Fowles 
2006). The Mann-Kendall test is recommended over other 
trend tests for the evaluation of stream invertebrate sam-
ples (Stark and Fowles 2006). 
Harris et aL (1999) presented seasonal benthic densi-
ties and Shannon's Index diversity values for monitoring 
data collected at AGFO in 1989, but no additional metrics 
were provided. The data used by Harris et aL (1999) are 
stored in the Heartland Inventory and Monitoring Net-
work database, and they were used to calculate inver-
tebrate metrics as described in this paper. However, the 
1989 data were not collected under the guidance of the 
Peterson et aL (1996) protocol and therefore were not used 
in the trend analyses. Those data are presented in this 
paper only for historical reference. Rust (2006) sampled 
aquatic invertebrates at AGFO in 2004-5, but she col-
lected samples with a benthic D-frame net from a variety 
of habitats, and those data therefore cannot be compared 
directly to those presented here. 
Niobrara River discharge data were taken from a 
registering staff gage (number 6454100) at Agate, NE, 
located immediately upstream of the AGFO jurisdictional 
boundary. This gage was operated by the U.S. Geologi-
cal Survey from 1958 to 1992 (USGS 2011) and by the 
Nebraska Department of Natural Resources beginning 
in 2006 (NDNR 2011). The gage was not operated from 
1993 to 2005. Gage data are presented as a meal! for the 
July-September index period for each year. Nonregis-
tering staff gages for determining water-surface eleva-
tions were installed in 2000 at the upper and lower sites, 
and were read directly as water level on the gage during 
each sampling event. Mean annual precipitation data for 
Agate, NE, from 1900 to 2011 are summarized from the 
Western Regional Climate Center (2012). Trend analyses 
of invertebrate metrics and discharge data across years 
(1996-2009) was conducted using the Mann-Kendall 
trend test (a = 0.05). 
Water quality data were collected as static (single 
point) readings at each sampling site (2000-2009) using 
calibrated handheld meters (YSI Model 63 and YSI Model 
55). Measurements were taken at the beginning and at the 
end of each 30-day sampling period and were calculated 
as a mean of both measurements across sampling sites and 
months (n = 18 per index period). Parameters measured 
included water temperature eC), dissolved oxygen (mg/ 
liter), pH, and conductivity (IlS/cm). Data describing pH 
were not available for 2008 and 2009 due to instrument 
malfunction. Because water quality parameters were 
measured only twice for each sampling event and did not 
account for diel or seasonal temporal variation, a statis-
tical analysis was judged inappropriate, and we present 
only summary data for those variables. 
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RESULTS 
Trend analyses across years showed the quality of several 
invertebrate community metrics declined significantly 
from 1996 to 2009 (Figs. 2-3; Table 1). The invertebrate 
fauna in the Niobrara River shifted from one dominated 
by EPT taxa to one dominated by chironomids and am-
phipods. During this study, taxa richness among sites 
ranged from an average high of 10.9 species in 1999 to 
a low of 6.3 species in 2009. In comparison, mean taxa 
richness for samples collected in 1989 averaged 12.6 spe-
cies. However, none of these differences was significantly 
different across time (Table 1). EPT richness and percent-
ages of EPT, Leptophlebiidae (Leptophlebia nebulosa 
and Paraleptophlebia sp.), and Heptageniidae (primarily 
Heptagenia diabasa) generally decreased over time. The 
observed decrease in EPT richness was significant only 
at Agate Spring Ranch, but the P values for the other 
two sites were marginally insignificant (P = 0.07). In 
contrast, the decreases in percentage abundance of EPT 
were significant only for Agate Middle and Agate East. 
The trends for percentage abundance of Heptageniidae 
at Agate Spring Ranch and Agate East and that of Lep-
tophlebiidae at Agate Middle were not significant (Table 
1). However, representatives of Leptophlebiidae and 
Heptageniidae were not collected in samples taken dur-
ing 2008 and 2009. Although some of the observed trends 
were not statistically significant, biological significance 
cannot be ruled out. Plecoptera (stoneflies) were poorly 
represented in all samples among years, consisting of a 
few specimens of Taeniopteryx burksi. Conversely, HBI, 
Shannon's Index, evenness, and percentage abundance of 
Amphipoda (Hyalella azteca and Crangonyx sp.) gener-
ally demonstrated significant positive trends over time 
(P:S 0.03) (Table 1); only Shannon's Index at Agate East 
was not significant (P = 0.58). Percentage abundance of 
Cheumatopsyche increased significantly (P = 0.00) at 
Agate Spring Ranch, but not at the other two sites. Per-
centage abundance of Chironomidae increased across 
years, but this trend was significant only for Agate Spring 
Ranch and Agate Middle (P:S 0.04). HBI values at all sites 
ranged from 4 to 5 in 2000 to over 7 in 2009. Shannon's 
Index gradually increased from 1996 to 2007 at all sites, 
but it declined annually thereafter. Regardless, Shannon's 
Index values were low among all years, and values never 
rose above 1.8. Because Shannon's Index values typically 
range from 1.5 (low species richness and evenness) to 3.5 
(high species evenness and richness) (McDonald 2003), 
the invertebrate community diversity in the Niobrara 
River was low. The significant (P:S 0.02) increasing trend 
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in taxa evenness at all sites indicated that the few taxa that 
dominated the invertebrate community in the Niobrara 
River have relatively evenly distributed abundances. Col-
lectively, the trends among metrics indicated that the in-
vertebrate community at AGFO has become increasingly 
tolerant over time. 
Discharge data during the July-September index 
period for the Niobrara River at AGFO show that flows 
have declined significantly (Mann-Kendall trend test, P 
= 0.04) since 1958, although more recent readings are 
certainly within the historic range offlows (Table 2; Fig. 
4). In contrast, nonregistering staff gages on the Niobrara 
River at AGFO showed slightly and gradually increas-
ing slopes, indicating that water-surface elevation in the 
channel at the sampling sites has increased over time (Fig. 
5), but these trends were not significant (Table 2). The rise 
in water-surface elevation is attributed to aggradation of 
sediment in the channel. Mean annual precipitation data 
for Agate, NE (Fig. 6), from 1900 to 2011 were highly 
variable, ranging from 8 to 55 cm. Since 1996, more than 
half the years had precipitation levels falling above the 
mean (35 cm) for the entire period of record (Fig. 6). 
Among water quality parameters, temperature, con-
ductivity, and pH generally increased over time while dis-
solved oxygen concentration decreased over time (Fig. 7). 
Because water quality data were collected as static read-
ings using handheld instruments, they likely do not reflect 
the temporal range of variation among those parameters. 
Also, we recognize that static water quality readings are 
potentially subject to diurnal, annual, and event-related 
variation. As such, these data represent only the water 
quality condition at the time the readings were taken and 
thus should be cautiously interpreted. 
The Niobrara River watershed upstream of AGFO 
receives little input from industrial or municipal sources, 
but there are insufficient data for most stream segments 
in that region to determine if beneficial uses were being 
met (NDEQ 2004). However, a baseline water quality 
data report for the Niobrara River at AGFO identified five 
constituents that exceeded state water quality criteria, 
including pH, cadmium, copper, lead, and fecal coliform 
bacteria (NPS 1998). It is unknown if these constituents 
persist at elevated levels in the Niobrara River. There 
are livestock feedlots and agricultural irrigation projects 
in the Niobrara River watershed upstream of the park 
(NDEQ 2004) that may have contributed to the contami-
nant loading in addition to sedimentation, nutrient load-
ing, and lowered dissolved oxygen levels associated with 
increased biochemical oxygen demand related to decom-
position of organic materials. 
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Figure 2. Mean taxa richness, EPT richness, Shannon's index, taxa evenness, and biotic index of invertebrate samples collected 
from the Niobrara River, Agate Fossil Beds National Monument, Nebraska. N = 45 for all years except 1989 (5), 1996 (13), 
1998 (34), 2002 (44), 2003 (44), 2008 (15), and 2009 (15). 
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Figure 3. Mean percent Amphipoda, percent Chironomidae, percent EPT, percent Cheumatopsyche, percent Heptageniidae, and 
percent Leptophlebiidae of invertebrates samples collected from the Niobrara River, Agate Fossil Beds National Monument, 
Nebraska. N = 45 for all years except 1989 (5), 1996 (13), 1998 (34), 2002 (44), 2003 (44), 2008 (15), and 2009 (15). 
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TABLE 1. 
MANN-KENDALL TREND STATISTIC RESULTS FOR INVERTEBRATE METRICS FOR THE 
NIOBRARA RIVER, AGATE FOSSIL BEDS NATIONAL MONUMENT, NEBRASKA 
Parameter Agate sampling site Kendall statistic* Z 
Taxa richness Spring Ranch 0.00 
Middle -9 -0.44 
East -28 -1.65 
Shannon's Index Spring Ranch 45 2.41 
Middle 41 2.19 
East 10 0.55 
Taxa evenness Spring Ranch 61 3.28 
Middle 53 2.85 
East 38 2.26 
EPT richness Spring Ranch -34 -1.81 
Middle -51 -2.74 
East -31 -1.84 
EPT(%) Spring Ranch -33 -1.75 
Middle- -47 -2.52 
East -38 -2.26 
HilsenhoffBiotic Index (HBI) Spring Ranch 49 2.63 
Middle 43 2.30 
East 54 3.23 
Chironomidae (%) Spring Ranch 39 2.08 
Middle 43 2.30 
East -4 -0.18 
Amphipoda (%) Spring Ranch 61 3.28 
Middle 53 2.85 
East 56 3.36 
Cheumatopsyche (%) Spring Ranch 55 2.96 
Middle -15 -0.77 
East 19 1.10 
Heptageniidae (%) Spring Ranch -21 -1.09 
Middle -59 -3.18 
East -29 -1.71 
Leptophlebiidae (%) Spring Ranch -42 -2.25 
Middle -33 -1.75 
East -59 -3.55 
*Positive Kendall statistic values indicate an increasing trend while a negative value represents a decreasing trend. 
tP values in bold type are significantly different (a = 0.05). 
pt 
1.00 
0.66 
0.10 
0.02 
0.03 
0.58 
0.00 
0.00 
0.02 
0.07 
0.01 
0.07 
0.08 
0.01 
0.02 
0.01 
0.02 
0.00 
0.04 
0.02 
0.85 
0.00 
0.00 
0.00 
0.00 
0.44 
0.27 
0.27 
0.00 
0.09 
0.02 
0.08 
0.00 
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Figure 4. Mean monthly discharge and standard errors from 
the Niobrara River, Agate Fossils National Monument, during 
July-September from 1958 to 2009. Vertical dashed line 
represents break in data series. Data from U.S. Geological 
Survey (2011) and Nebraska Department of Natural 
Resources (2011). 
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Figure 6. Mean annual precipitation for Agate, NE, 1900-
2011. The solid horizontal line represents the mean across 
years. Data from Western Regional Climate Center (2012). 
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Figure 5. Nonregistering staff gage mean height readings 
and standard errors from the Niobrara River, Agate Fossils 
National Monument, Nebraska, July-September, 2000-2009. 
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Figure 7. Water quality parameters for the Niobrara River, 
Agate Fossils National Monument, Nebraska, 2000-2009. 
N = 18 per year. 
TABLE 2. 
MANN-KENDALL TREND STATISTIC RESULTS FOR STAFF GAGES IN THE NIOBRARA RIVER, 
AGATE FOSSIL BEDS NATIONAL MONUMENT, NEBRASKA 
Category Parameter Kendall statistic* z 
USGS-NDNR staff gage Gage at Agate, NE -167 -2.01 
N onregistering staff gages Gage at Agate Spring Ranch 13 1.07 
Gage at Agate East 11 0.89 
*Positive Kendall statistic values indicate an increasing trend while a negative value represents a decreasing trend. 
t P values in bold type are significantly different (a = 0.05). 
0.04 
0.15 
0.19 
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CONCLUSIONS 
A recent study by Peg and Pope (2008) reported declines 
in the fish community structure in the Niobrara River at 
AGFO similar to that observed for invertebrates; only two 
species were collected during their survey. The observed 
declines in both the invertebrate and fish communities 
in the Niobrara River indicate widespread degradation 
among its biological communities, but the specific rea-
sons for such declines are not entirely understood. 
Although staff gage and water quality data did not 
demonstrate statistically significant trends in most cases, 
the predominance of significant slopes among certain 
invertebrate metrics and stream discharge suggests those 
trends are related to diminished integrity of physical 
habitat. Annual mean precipitation levels recorded since 
monitoring began in 1996 are well within the range of 
historic values, and they indicate the observed changes in 
channel condition and invertebrate community structure 
probably are not due to climatic factors. Given inconclu-
sive information on water quality and quantity, it is not 
completely clear what disturbances facilitated the decline 
in the invertebrate community structure. 
A contributing, and probably likely, source of the 
diminished water quality and habitat condition in the Ni-
obrara River at AGFO is the encroachment of the nonna-
tive and invasive emergent aquatic plant yellow flag (Iris 
pseudacorus) into the stream channel, where it blocks or 
slows water flow. A perennial plant, yellow flag has ex-
panded throughout much of the riparian zone of the Nio-
brara River within Agate Fossil Beds National Monument 
since its introduction in the early 1900s (Olson and Olson 
2007). Olson and Olson (2007) noted that dense stands of 
yellow flag were present over about a 3 km stretch of the 
river in the monument, with sporadic stands elsewhere. 
While quantitative data documenting the spread of yel-
low flag in the Niobrara River do not exist, this species 
currently dominates the stream channel in the monument, 
where it blocks most of the streamflow (Fig. 8). Wherever 
yellow flag is introduced, it tends to dominate the stream's 
riparian areas by preventing the germination and seedling 
growth of native plants (Raven and Thomas 1970). The 
rhizomes form mats that trap sediments, which subse-
quently clog stream channels, causing local increases in 
streambed elevation (USGS 2010). The invasive growth 
habits of yellow flag have been shown to reduce stream 
width by up to 25 cm per year, and it creates new banks 
by trapping sediment and then dominating the new sub-
strate with its seedlings, creating more sediment retention 
Great Plains Research Vol. 23 No.1, 2013 
Figure 8. Iris pseudacorus encroaching into the Niobrara 
River channel at Agate Fossil Beds National Monument, 
Nebraska. Horizontal black bar represents approximate 
wetted channel width. Photo by Lil Mansfield, 
National Park Service. 
(USGS 2010). The increasing water-surface elevations in 
the Niobrara River that we document here may be related 
to lower current velocities and associated increased sedi-
mentation due to yellow flag expanding into the stream 
channel. The significantly decreasing streamflows in the 
Niobrara upstream of the monument only serve to exac-
erbate this problem. Because of the invasive habits ofyel-
low flag, the present situation in the Niobrara River may 
become more pronounced in coming years. 
Although there are few options for mitigating the im-
pairment of the Niobrara River caused by yellow flag, re-
storing and maintaining riparian buffer zones dominated 
by native vegetation along this river will aid in protecting 
aquatic life as well as in-stream habitat from local runoff 
and sedimentation. The long history and continuing ef-
forts of aquatic invertebrate monitoring at AGFO provide 
a sound tool to recognize the success of potential restora-
tion actions on improvement of water quality and recov-
ery ofthe aquatic invertebrate community in the Niobrara 
River. 
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